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1. Objective 
 

The goal of this analysis is to indicate if the most desirable basic design ideas for the inner tank are feasible. It 
seems practical to have the stereo wires supported directly from the vertical cylindrical walls of the tank. It is 
also much better to have a flat roof that provides the shortest path for the signals from the wires. The electronics 
at the top of the roof should also be accessible to people. A space frame structure supporting the roof seems to 
provide a good solution, and that is what is going to be assumed. It would also be best if the vertical cylindrical 
walls of the tank can support the full load without the need of additional structures or reinforcements. 
 
The inner tank will have at least 3 different loading conditions: full of liquid (for the hydrostatic test), empty and 
with the wire load (at the end of the assembly), and full of liquid plus the load from the wires.  
 
First, a 1” wall is assumed and a hydrostatic load equivalent to the weight of the argon is applied. From these 
results, an appropriate wall thickness is devised. Then the wire loads are applied and stresses and buckling 
checked. 
 

2.  Parameters Used 
 

Program: I-DEAS v.9m3 / Simulation. 
Analysis: Linear Static, 
Analysis: Linear Buckling. 
Material properties - 9%Ni steel: 
density  = 7.32986x10-4 lbf.sec2/in4

η = 0.3 
E = 2.88x107 psi 
Elements: thin shell parabolic quadrilateral, average mesh size about 4’. 
 

3. Boundary Conditions 
 

3.1. Hydrostatic load

Bottom of walls is supported vertically only with one point fixed. Load is applied according to data surface 
defined, as shown below. Gravity is also applied. 
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3.2. Wire load

Wire load and gravity are applied. Second, same load but bottom of the tank is fixed and top is restrained in the 
horizontal directions, free to move vertically. 
 
The space between the wire planes and, consequently, between the space frames is 20 ft. Calculating the load 
per foot on the longest space frame span at the top of the tank: 
 
Roof: 1/4” plate, 10.2 lb/ft2 x 20 ft = 204 lb/ft 
Cover: 1/8” plate, 5.1 lb/ft2 x 20 ft = 102 lb/ft 
Perlite: 10 lb/ft3 x 4 ft thick = 40lb/ft2 x 20 ft = 800 lb/ft  
Wires: 114,271lb / 130.5 ft = 876 lb/ft 
Equipment: 50 lb/ft (guess) 
Total: 204+102+800+876+50= 2032 lb/ft 
 
Looking at the Vulcraft catalog for a truss that would work as a space frame (to estimate the weight): 
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131 ft ⇒ 4 x 72DLH18, 59lb/ft (each) = 236 lb/ft 
118 ft ⇒ 4 x 64DLH17, 52lb/ft (each) = 208 lb/ft 
87 ft ⇒ 3 x 60DLH17, 46lb/ft (each) = 138 lb/ft 

Total: 
131 ft ⇒ (236 lb/ft + 2032 lb/ft) x 131 ft = 297,108 lb 

118 ft ⇒ (208 lb/ft + 2032 lb/ft) x 118 ft = 264,320 lb 

87 ft ⇒ (138 lb/ft + 2032 lb/ft) x 87 ft = 188,790 lb 

Pulleys: 
6582 / side.plane x ~1/2 lb / (pulley + hardware) = 3,300 lb/ side.plane  
 
Not included: cathode planes, field shaping cage. 
 
Total load: 
 
Vertical: 
Total load applied to one point, at the top of the wall, at the plane location: 
131 ft: 148,554 lb, for the analysis ⇒ 149,000 lb 

118 ft: 132,160 lb, for the analysis ⇒ 132,000 lb 

87 ft: 94,395 lb, for the analysis ⇒ 95,000 lb 
 

Distributed along the wall (all): 
18,902 lb + pulleys, for the analysis ⇒ 22,200 

Horizontal, distributed (all): 18,902, for the analysis ⇒ 19,000 lb. 
 
Total vertical load:  
[149,000 lb +  132,000 lb + 95,000 lb + (22,200 lb x 3)] x 4 = 1,770,400 lb 
Weight of side walls: ~ 2,832,182 lb 
Total: 4,602,582 lb 
 

4. Allowable Stresses 

The criterion adopted in this note is: 
 
Stress intensity (2 x maximum shear stress) 
 
shall be smaller than 
 
23.7 ksi (*) 
 
(*) Refer to CB&I documentation (which is based on ASME) – see below. 
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Welds are full penetration, visually inspected and U.T. tested as to allow 100% efficiency. 
 
Stability: Buckling Load Factor (linear buckling) > 4. Published safety factors for buckling vary according to the 
application. A safety factor greater than 4 seems consistent with what is recommended by Appendix 3, ASME 
section II, part D., 1995, item 3-600 (c) (1), p.705.  
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5. Results – hydrostatic load 
 

With 1” thick wall, stress intensity is 55.8 ksi, maximum deflection is 3.1”. 
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Scaling from these results, the thickness of the wall was increased in 1/4” increments and 1/2” thickness 
minimum was adopted.  
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With variable thickness wall, stress intensity is 20.2 ksi, which is smaller than 23.7 ksi. Maximum efficiency 
would show the whole tank in orange but the variation in thickness happens in discreet increments rather than 
continuously and, at the top, the minimum thickness was set to 1/2”. Maximum deflection is 1.1”.  

6. Results – wire load 

Wire load + gravity, bottom of the tank is fixed and top is restrained in the horizontal directions, free to move 
vertically. 
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The results are acceptable: stress intensity is 11.7 ksi, and maximum deformation is 0.78”. That indicates that 
if the top and bottom are braced appropriately and not allowed to move inwards, the walls would be fine. Hence 
the space frame needs to provide also bracing for the top and additional bracing is required at the bottom. 
Further and more detailed analysis is required to determine the bracing needed. 
 
Note that the higher stresses happen at the top, where the plate thickness is 1/2” only. 
 

7. Results – stability under wire load 
 

A linear buckling analysis was performed. Same load (wire load + gravity), bottom of the tank is fixed and top 
is restrained in the horizontal directions, free to move vertically. 

Load Buckling Factor is 2.6, which is smaller than 4 but happens on 1/2” wall, which can be easily increased.  
 
Then, besides bracing the top and the bottom of the tank, the top part of the wall should have the thickness 
increased from 1/2". 
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8. Conclusion 
 

Having:  
• a flat roof,  
• stereo wires supported directly from the vertical cylindrical walls of the tank,  
• electronics at the top of the roof accessible to people, and  
• space frame structure supporting the roof, 

seem feasible, as long as some requirements are met:  
• bracing the top of the tank wall, 
• bracing the bottom of the tank wall, and  
• increasing thickness of top part of the vertical cylindrical wall from 1/2". 

 
Further and more detailed analysis is required to determine the bracing needed and the appropriate thickness of 
the wall. The analysis should include all 3 different loading conditions: full of liquid (for the hydrostatic test), 
empty and with the wire load (at the end of the assembly), and full of liquid plus the load from the wires. It 
should also include the loads from cathode planes and field shaping cage. 
 


